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I. INTRODUCTION
As the demand for electrical energy is continuously increasing, it necessitates the expansion of the transmission network along with the installation of new power plants. But at the same time, such projects are getting delayed or even blocked due to many factors such as cost and environmental considerations and also the difficulties in getting the right of way over long distances. Hence effective utilization of the existing network to their maximum possible operational limits is important. Minimization of system losses and thus the enhancement of power transfer capability of the transmission network has always been a concern in power supply industry. Congestion in Power flow in strategic routes may occur because of the inflexibility of their power control capability. From this perspective, appropriate application of the flexible AC transmission systems (FACTS) technologies offer methods for better power flow control and better utilization of the transmission networks in power systems [1] - [3] . Unified power flow controller (UPFC) is the one of the most advanced FACTS devices capable of providing better power transfer capability and better voltage profile in the system [3] . Once the rating of UPFC for the enhancement of transmission network is determined, it is necessary to identify optimal locations of the UPFCs in the transmission system so as to meet the specified objectives without violating the operational constraints. There are many optimization techniques which can be applied for this problem. Genetic algorithm [4] - [6] is an optimization tool which starts with an assumed solution space, and proceeds to generate better and better off-springs based on the principle of survival of the fittest. This paper proposes a genetic algorithm based method for finding the optimal location of UPFCs to be installed in a power system, for the minimization of the system losses and at the same time meeting the operational constraints on line flows and bus voltages. UPFC is represented as a synchronous voltage source model so as to interface with the conventional Newton-Raphson load flow (NRLF) algorithm. Preliminary investigations indicate that this method is effective for determining the optimal location of the UPFCs for improving the steady state performance of the power systems.
The rest of the paper is organized as follows: The details of UPFC model and the method of interface with NRLF are given in Section II. The application of genetic algorithm for finding the optimal UPFC location so as to minimize the system losses is discussed in Section III. Test system details and simulation results are given in the following section and finally the conclusion.
II. UPFC MODEL AND INTERFACE WITH NRLF ALGORITHM

A. UPFC Model
As shown in Fig. 1 , the basic structure of UPFC consists of a set of AC to DC voltage source converters connected back to back and operated from a common DC link capacitor [1] . As given in Fig. 1 , one of the converters is connected in shunt and the other in series with the line. The shunt converter, VSC 1 , is used to provide real power demand of the series converter through a common DC link. It can also generate or absorb reactive power, if it is desired, and thereby provide independent shunt reactive compensation for the line. The series converter, VSC 2 , of the UPFC injects a voltage with controllable magnitude and phase angle in series with the line. Fig. 2 shows a UPFC inserted in line m-n. The scheduled line flow measured at Bus m is (P mn + jQ mn ). The (P m ,jQ m ) and (P n ,jQ n ) are the load power specified at buses m and n respectively. The UPFC bus is represented as a PQ bus as shown in Fig. 3 . In this model, the fictitious bus, Bus U, is introduced to maintain the scheduled power flow (P mn + jQ mn ) in line m-n. In this model, losses in the UPFC are ignored. A simplification of the UPFC model given in Fig. 3 is obtained by neglecting the impedance of the coupling transformers. In this situation, the shunt converter can be assumed to operate at unity power factor and the UPFC is represented by an ideal series voltage source. This model is referred to as synchronous voltage source UPFC model [3] . If the losses in UPFC converter and transformers are assumed to be negligible, UPFC can be modeled by transforming Bus m into a PV bus and Bus U into a PQ bus as shown in Fig. 4 . 
B. Newton-Raphson Load Flow Algorithm
Load flow analysis involves the determination of the bus voltages, power injections at all the buses and power flows though the transmission network for a specified load demand at various buses in the system. As the load flow problem involves the simultaneous solution of non-linear algebraic equations, the solution technique is iterative in nature. NRLF algorithm is suited to large practical power systems specifically because of its quadratic convergence properties. Further, the number of iterations required for a specified accuracy is significantly less than the other techniques and are practically independent of the system size. The conventional NRLF problem formulation is given by [7] 
The H, N, J and L are the sub-matrices of the Jacobian matrix. Expressions for the Jacobian elements can be obtained by partial differentiation of equations (2) and (3). The power flow solutions are usually started with a flat voltage start assumption of 1 p.u. for the bus voltage magnitudes and zero degrees for bus voltage angles. With these values, the real and reactive powers at Bus K are calculated for all buses as
Then the bus power mismatches are 
C. UPFC Interfacing Approach
Each UPFC causes the addition of a PQ bus, with corresponding ΔP and ΔQ mismatch equations of the NRLF algorithm. The buses between which UPFC is connected is determined. A PQ bus is introduced between those two buses. Then the line data and bus data are modified accordingly. For each additional row and column of the Jacobian matrix due to a UPFC, there is a corresponding additional power mismatch equation that must be satisfied in order for the NRLF to converge to the solution. Since these equations are similar in form to the original power mismatch equations the overall convergence characteristics are largely unaffected. The state variables corresponding to the UPFC are combined with the network bus voltage magnitudes and angles in a single frame-of-reference for a unified solution through the NRLF algorithm. The UPFC state variables are adjusted automatically so as to satisfy specified power flows and voltage magnitudes.
III. APPLICATION OF GENETIC ALGORITHM FOR OPTIMAL UPFC PLACEMENT
GAs are global search techniques based on the mechanism of natural selection and genetics [5] . Without any prior knowledge of the objective function, GAs can search several possible solutions simultaneously. GA starts with random generation of initial population and then the selection, crossover and mutation operations are carried out until best population is arrived at. In the application of GA for the determination of the UPFC location in a power system for the minimization of transmission line losses, the buses between which UPFC can be connected are considered as the variables. Considering the bounds and the resolution of these variables, the first population of these variables is generated at random. This population is worked upon by the genetic operators such as reproduction, crossover and mutation. Load flow analysis with the incorporation of the UPFC model is used for the calculation of fitness function of each individual in the first population. The fitness function is chosen as
where P Loss is the total transmission line losses in the system given by
Each individual is taken up from the population. The necessary modifications in line and bus data because of the insertion of UPFC are made and the load flow analysis is performed. This is followed by the calculation of the fitness function for that particular individual. The individual with maximum fitness value has the highest preference to be selected for the next generation as it will occupy a major portion on the roulette wheel. The selected individuals are subjected to crossover and mutation operations. A single point crossover is applied. A new population is obtained after crossover and mutation. The fitness value of each individual is calculated in the same manner as for the initial population. Again these individuals are acted upon by the operators. According to the maximum number of generations specified, the process is repeated to obtain the best fit individual. GA provides a number of potential solutions to a problem and the choice of final solution is left to the user. In cases where a particular problem does not have one individual solution, then the GA is potentially useful for identifying these alternative solutions simultaneously.
IV. TEST SYSTEM AND SIMULATION RESULTS
The effectiveness of the proposed approach for the optimal location of UPFC is investigated on the test system shown in Fig. 1 . The system data required for load flow analysis of systems with UPFC is given in Table I and Table II respectively. The UPFC is used to maintain active and reactive powers leaving the UPFC at 40MW and 2MVAR respectively. In addition to the load flow and the UPFC data, the inputs that are to be provided include population size, number of generations, cross over probability, mutation probability, number of variables, resolution of variables and variable bounds. The buses between which UPFC can be connected are considered as the variables in this problem. Considering the bounds and the resolution of these variables, the first population of these variables is generated. For the five bus test system shown in Fig. 1 , these variables range from bus numbers 2 to 5 as it is assumed not to place UPFC near slack bus which is numbered as 1. So, the upper bound of the variables is 2 and lower bound 5. The resolution of the variables in this case is 1. The population size is taken as 30, A random initial population consisting of 30 individuals is created. The crossover probability is assumed to be 0.98 and the mutation probability.001. The results of the load flow analysis of the test system without the incorporation of UPFC are given in Table III. The original network is then modified to include a UPFC, which compensates the transmission line associated with it. As per the model used, the introduction of UPFC is equivalent to adding a new PQ node. The UPFC is used to maintain active and reactive powers leaving the UPFC, towards the farthest bus. Moreover, the UPFC's shunt converter is set to regulate nearest voltage magnitude of its nearest bus. The application of GA to the problem indicate that the best UPFC location satisfying the condition of minimum line losses occurs when it is placed in the transmission line between buses 5 and 4, nearer to bus 5. Table IV shows the results of the load flow analysis of the test system with the incorporation of UPFC. Voltage profile of the system with UPFC included in various lines is shown in Fig. 5 . It can be seen that the voltage profile is the best when the UPFC is in line 5-4, placed nearer to bus 5. Table V shows a comparison of the line losses with the UPFC in the optimal location against the case without UPFC. The Table indicates that the UPFC it its optimal location could reduce the line losses in the system by 70% when compared to the system without UPFC (see Fig. 6 ). 
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V. CONCLUSIONS
This paper has proposed a methodology based on genetic algorithm for the minimization of system transmission line losses by the optimal placement of UPFC. UPFC has been modeled as a decoupled synchronous voltage source model which is interfaced with the conventional NRLF algorithm. The load flow analysis has been performed for each individual in every generation so as to determine the fitness function which is defined as the inverse of the total transmission line losses. The location of UPFC has been identified as the best individual from among the off-springs of the last generation. The simulation results on a standard test system indicate that the installation of UPFC at optimal locations in the system can lead to significant reduction of transmission losses and also the improvement of the bus voltage profile of the system. Further, genetic algorithm approach has seen to be a potential technique with mathematically less complex than that of the conventional optimization techniques. The extension of this research to practical large power systems is under progress.
